The need for lightweight materials in various industries, increased fuel price, requirement of improved mechanical, thermal properties leads to the development of aluminium metal matrix composites. Stir casting method is employed for preparing composite consisting of aluminium die casting -12 alloy and reinforcement of 10 % by weight proportion of silicon carbide. Taguchi's experimental analysis is employed for varying the process parameters of stir casting method like process temperature, stirring time and stirring speed. Tests were conducted to measure mechanical property like compressive strength, wear property such as sliding wear, micro abrasion and thermal property like coefficient of thermal expansion. An attempt has been made to study the unrelated properties like compressive strength, sliding wear resistance, micro abrasion wear and coefficient of thermal expansion of aluminium composites by Principal Component Analysis method. The experimental investigation shows that increase in processing temperature reduces sliding wear, micro abrasion wear and coefficient of thermal expansion and also increases compressive strength.
INTRODUCTION 
Aluminium based metal matrix composites have been developed since nineteenth century and find applications in sports goods, aerospace, automotive components, medical industries and electrical housings. An important innovation in the development of composites is the possibility of introducing required mechanical, chemical and thermal properties by the proper composition of the constituent materials. Aluminium alloys are most desired base matrix material due to its better corrosion resistance, increase in strength by precipitation, good electrical and thermal conductivity. The reinforcement in the base aluminum metal determines the mechanical properties of the composites. Silicon carbide proves to be a better reinforcement [1] among various commercially available materials because of its higher strength, lower coefficient of thermal expansion, better wear resistance at higher working temperatures. Homogeneous mixture of base metal and reinforcement particles plays an important role in the development of required properties of composites. For proper dispersing of the reinforcement particles, suitable method must be chosen for producing homogeneous mixture of reinforcement and the matrix. Stir casting is a continuous stirring of the molten matrix metal and the reinforcement particles by a mechanical stirrer for producing a homogeneous mixture. Clustering of the reinforcement particles are because of lesser surface energy, segregation of particles, chemical binding. Preheating of the reinforcement for a longer period of time has increased the chemical bonding [2] . The microstructure of the composite showed that the heavier particles settle more quickly [3] .
Particle clustering of A384 alloy with 10 % weight of SiC of size 64 µm is observed and noted that it occurred at a stirrer speed of 500 rpm by Karthiresan on 2006 [4] .
Addition of magnesium, preheating of ceramic particles, introducing ultrasonic vibration in the stirring process when the metal is in the semisolid state will provide better wettability of Al-SiC composites [5] . Bending strength and hardness resistance of the composite found to be decreased with the increase in the particle size of SiC in which the composite was prepared by dual ceramic powder made of SiC and alumina [6] . Optimization of circularity, surface roughness, tool wear rate, metal removal rate, simultaneously was carried out by Debaprasanna Puhan on 2013 [7] . An in-situ process was developed for the preparation of multi-component reinforced composite and Taguchi method was used for optimizing the properties like density, porosity and hardness [8] . A multi-input and multioutput model by using a Neural Networks-Levenberg Marquardt Algorithm (NN-LMA) was created and predicted the mechanical properties of Al-TiB 2 composites [9] . Singh and Chauhan [10] reviewed the influence of the mechanical parameters and the material factors on the wear performance of Al-composites. The material and technological aspects for the production of composite suspensions for industries was presented by Dolata on 2012 [11] . The optimum machining conditions for minimum surface roughness through Taguchi's technique and genetic algorithm was determined and verified the results with confirmation experiments [12] . The influence of turning parameters on surface roughness of aluminium, silicon carbide and fly ash composite was studied by Baburaj on 2016 [13] . Stir casting process parameters for the preparation of Al6061 alloy with reinforcements like SiC, graphite, alumina are studied by Rajesh Kumar on 2013 [14] . The number and the angle of blades are determined and the suitable process temperature was found for good wettability. Computational as well as experimental analysis was done for Al-SiC composite for the process parameters like stirrer speed, processing period, reinforcement size for two different viscosity levels to produce uniform distributions [15] . Effect of stirrer blade angle, stirring speed, direction of stirring and baffles are investigated and optimized by water model [16] . Tensile and density properties were studied for the same composite by neural network modeling [17] . The effect of speed and time of the stirrer on tribology of the prepared composite material was investigated by Bala Sivanandhaprabu on 2006 [18] . Wear resistance properties of aluminium alloy 7075 metal matrix composites studied by response surface methodology and Taguchi's analysis [19] . Variations of process temperature and stirring time caused changes in mechanical properties of the produced composite [20] . Thakur and Nandedkar [21] analyzed using Taguchi method the influence of process parameters on mechanical strength of austenitic stainless steel AISI 304 prepared by resistance spot welding. Thakur et al., [22] investigated the tensile strength for galvanized steel by Taguchi's method. Experiments were conducted using L9 orthogonal array of Taguchi method by varying die squeezing pressure, mould temperature and duration of pressure application and tensile strength and hardness of the alloy is analyzed using GA [23] . Hemalatha and Dhanalakshmi [24] studied the influence of stir casting process parameters on compressive strength and wear resistance of aluminium composites. Taguchi's method along with Principal component analysis method is used to determine the optimal process conditions. Numerous research works have been carried out in the preparation of aluminium metal matrix composites reinforced with different materials at different proportions by stir casting process. From the above studies, it is observed that poor distribution of the reinforcement particles can be avoided by adopting proper process parameters of the stir casting process. Still there is a need for research to study the influence of stir casting process parameters on the properties like compressive strength, sliding wear resistance, micro abrasion wear and coefficient of thermal expansion. There is rarity of articles addressing the determination of optimal process parameters affecting the above properties.
The objective of this research work is to prepare aluminium composite with reinforcement of 10% weight of SiC by stir casting process by varying the process parameters like stirring speed, stirring temperature and stirring time and study the properties like compressive strength, sliding wear resistance, micro abrasion wear and coefficient of thermal expansion. And also it aims at the determination of the optimum process parameters by Taguchi's method and Principal Component analysis.
EXPERIMENTAL DETAILS
The aluminium alloy ADC-12 is chosen as the base metal matrix in this research work. The chemical composition of ADC-12 is tested in laboratory of Indusrite metals, Chennai and it is shown in Table 1 . Addition of SiC as reinforcement material to the base matrix increases the modulus, abrasive wear resistance strength, and thermal stability of the composite [1] , [10] . The properties of silicon carbide were tested in the Laboratory report from Madras metallurgical services pvt ltd., and were shown in Table 2 . Balasivanandhaprabu [18] analyzed the process parameters such as stirring speed and stirring time for improvement of mechanical properties of the composites. Sozhamannan [20] considered processing temperature and stirring time for the study of mechanical properties. An attempt has been made in this research work to correlate mechanical and thermal properties by considering the following process parameters for the experimental analysis: stirring speed, stirring time, process temperature.
Taguchi's method is used for determining the experimental conditions which reduces the number of iterative experiments, experimental cost and testing time for the required design.
Three levels for each factor are taken into account. Nine Specimens are prepared using Taguchi's OA9 orthogonal array design consisting of 9 combinations of process parameters. According to the Taguchi's design methodology, three factors without interaction are considered in three levels. Table 3 shows the experimental conditions for the preparation of composites. Composite specimens as shown in Fig. 1 were prepared using Stir casting apparatus. The electrical induction furnace of the Stir casting apparatus is heated to 500 ºC. A kg of aluminium ADC-12 is taken in the crucible which is placed in the electrical induction furnace. Reinforcement (SiC) in the form of powder is preheated to 800 ºC separately in the muffle furnace. The furnace temperature is raised to the experimental temperature slowly. Flux of 5 gm is added to remove the impurities and degasser of 5 gm is added to remove the dissolved gases in molten metal. The stirrer is placed at 1/3 rd of its total height from the top of the crucible as shown in Fig. 2 and the stirring speed is raised to the required value.
Distribution of preheated SiC into the molten aluminium alloy is carried out. The alloy and SiC powder are mixed together for the designed time period.
The stirrer is brought to ideal condition and the metal in the molten state is poured into the die of dimension 50 mm diameter and 250 mm length as shown in Fig 3 and compressed at pressure of 127 MPa. The microstructure of the specimen 1 is shown in Fig 4. 
TESTING OF PROPERTIES
The test results are shown in Table 4 . The wear tests are conducted as per ASTM G99. The specimen dimensions are of diameter 10 mm and length of 25 mm. The wear rate is measured with the help of pin on disc wear testing machine (Model: Wear and Friction Monitor TR20, DUCOM) as dry test at 400 rpm, 20 N for 475 seconds [19] .
The compression strength is measured using compression testing machine (PCTE UTM 4131). The machine has data acquisition system auto instrument series 2005 to acquire data from the load cell and the displacement measuring device. The compressive strength tests are conducted on these samples according to the ASTM -E9-95. The specimen dimensions are of diameter 15 mm and length 20 mm. The compressed sample specimen is shown in Fig 5. Micro-abrasion wear volume is measured with a microabrasion tester (Wear and Friction Tech Ltd., Chennai) as dry test for 300 seconds, 6 N and 200 rpm. The specimens are prepared for 24 mm diameter and 12 mm thickness. The testing ball is made of high carbon high chromium steel of 25 mm diameter.
Coefficient of thermal expansion of the prepared specimen is measured by hytherm computerized dilatometer between the temperature range of 27 °C to 500 °C. The dimensions of the specimen are 10mm Diameter and 45 mm length.
DISCUSSION
Principal Component Analysis (PCA) method is applicable to solve a multi response optimization problem with uncorrelated quality attributes. The response correlations that exist between the responses are eliminated by PCA to evaluate uncorrelated quality indices called principal components. The data is reduced to minimum number of dimensions without any information loss. Chintan Kayastha and Jaivesh Gandhi [25] optimized the turning process parameters of copper by using PCA and Taguchi's method. Narinder [26] employed a combination of Taguchi-GRA-PCA for optimization of wear behavior of Aluminium composites. Mihir Patel [27] utilized PCA with Taguchi's analysis for optimization of CNC TC parameters. Hemalatha et al [24] followed the Principal Component Analysis method for optimizing the stir casting process parameters such as stirring speed, stirring temperature and stirring time for increased compressive strength and reduced wear.
The procedure followed in Principal Component Analysis is:
Step 1: Data Collection. Experimental test results are collected by measuring the properties of the composite specimens and shown in Table 4 .
Step 2: Data Normalization. Experimental data are normalized and shown in Table 5 .
Higher the better is chosen for compression strength: * ( ) = ( ) ( ) .
(1)
Lower the better is chosen for Sliding wear resistance, Micro abrasion wear volume, coefficient of thermal expansion:
where i = 1, 2, … m; j = 1, 2, … n; m is the number of experimental runs in Taguchi's OA design; n is the number of quality characteristics; Xi(k) is the normalized data of the k th element in the i sequence.
Step 3: Determination of correlation coefficient array
Step 4: Calculation of Eigen vectors and Eigen values
Step 5: Evaluation of principal components (PC).
In order to eliminate response correlations, Principal component analysis has been applied to derive two independent quality indices called principal components. The independent quality indices are denoted as PC1, PC2, PC3 and PC4. Table 5 shows the values of these independent principal components for 9 experimental runs.
Signal to Noise ratio is used for obtaining the maximum value of Multi Performance Index (MPI). "Larger the better" is selected as the quality characteristics. The process parameters of Stir casting process having greater influence in the performance characteristics are determined by Analysis of Variance (ANOVA). In this study, Minitab Software Version 18 is used for developing general linear model ANOVA "Larger the better" is chosen for determining the influence and optimum conditions of process parameters.
The MPI and S/N ratio values are calculated and tabulated in Table 5 . General linear model ANOVA identifies the optimum process parameters for the given experimental responses. The results obtained using Minitab 18 software is shown in Table 6 . From speed, time, temperature plot for S/N ratio, it is observed that the optimal process parameters for the stir casting process in the preparation of ADC-12 alloy with 10 % SiC composite are stirring speed 600 rpm, stirring time 10min and processing temperature 800 ºC. After applying the optimal setting of process parameters, confirmation test was carried out to validate the analysis. The improvement of the compressive strength from the initial condition to the multi optimal condition is about 10% and reduced sliding wear, micro abrasive wear approximately 9 % and coefficient of thermal expansion approximately 7 % from individual optimal condition.
CONCLUSION

Aluminium Composite Specimens of Aluminium Die
Casting-12 reinforced with 10 % by weight of ceramic Silicon Carbide is prepared by stir casting process under various experimental conditions and the Sliding wear resistance, compressive strength, micro abrasive wear resistance test and dilatometric tests are conducted for the prepared specimens. The results are analyzed using Taguchi's method along with Principal Component Analysis. From the analysis of test results, it is evident that Process temperature is the most influencing parameter in the improvement of mechanical and thermal properties of the prepared composites. From the Mean effects plot for SN ratio, the optimum conditions for the chosen composite is found as stirring speed 600 rpm, stirring time 10min and processing temperature 800 ºC. And also it is shown that Sliding wear, micro abrasive wear and coefficient of thermal expansion decrease and Compressive strength increases with increasing processing temperature and stirring speed. Other process parameters like preheat temperature of the mould, preheat temperature of the reinforcement particles, powder feed rate can be further considered for research.
